Dural sinus malformation (DSM) is a rare paediatric vascular malformation characterised by abnormal dilation of the posterior dural sinus. Owing to its rarity, the pathophysiology of DSM has not been fully elucidated. We report a case of prenatally diagnosed DSM with an unusual clinical course. We detected DSM in a male foetus in the 26th week of gestation by using foetal ultrasonography. Although the DSM regressed during the foetal stage and the arteriovenous shunt was insignificant in the neonate, the shunt rapidly developed four months after birth. The neonate also had postnatal de novo brainstem cavernous malformation (CM), which also developed rapidly, supposedly due to the aggravated venous hypertension resulting from the DSM. We successfully treated the aggravated shunts by endovascular transarterial and transvenous embolisation six times over two years and, subsequently, the clinical condition and the size of the brainstem CM became stable. The DSM and CM seemed to have a metameric origin. Such aberrant cases could help to further the understanding of DSM.
Introduction
Dural sinus malformation (DSM) is a relatively rare paediatric vascular malformation and is defined as an abnormal dilation of the posterior dural sinus with a poor prognosis. 1, 2 Here, we report a case of prenatally diagnosed DSM that regressed before birth and rapidly re-developed postnatally. It was accompanied by a de novo brainstem cavernous malformation (CM), which also rapidly increased in size. Such prenatal and postnatal changes in a case of DSM with brainstem CM have not been reported and will be useful in elucidating the pathophysiology of this rare but important clinical entity.
Case report Clinical presentation
A pregnant woman in her 26th gestational week presented at our hospital because her previous foetal ultrasonography had revealed an intracranial mass lesion. Foetal magnetic resonance imaging (MRI) revealed remarkably dilated posterior sinuses and partial sinus thrombosis (Figure 1 ), and the foetus was diagnosed with DSM. There were no signs of foetal hydrops or hydrocephalus. The dilated dural sinuses increased in size from 28 to 32 weeks and slightly regressed from 32 to 36 weeks of gestation as noted on follow-up foetal MRI scans. The arterialised Doppler waveform could not be detected within the dilated thrombosed sinus and we assumed the arteriovenous (AV) shunts of DSM were no more than subtle. The clinical course of this case at the foetal stage has been published in a previous report. 3 A male baby was delivered at 37 weeks four days by scheduled caesarean section. He had no signs of macrocrania, and echocardiography did not show cardiomegaly or congestive heart failure. His Neonatal Evaluation Score 4 was 21 points and Apgar score was 8/9. Physical examination revealed a flat anterior fontanelle, subcutaneous lymphatic malformation (LM) on his right face and forehead, and some telangiectasias on his right trunk and face. A right periventricular haemorrhage, suspected to be secondary to cerebral CM, was observed on MRI at five days. Four-dimensional computed tomographic angiography (4D-CTA) at seven days revealed that the bilateral superficial middle cerebral veins were connected with the cavernous sinuses (Figure 2 
Treatment and outcome
The first intervention was performed five months after birth. The AV shunts located diffusely at the markedly dilated venous lake were fed by multiple dural arteries ( Figure 4 ). We performed three sessions of transarterial embolisation via the right and left petrosquamous branches of the middle meningeal artery (MMA), the convexity branches of the left MMA, posterior meningeal artery, and the left occipital artery, using N-butyl 2-cyanoacrylate (NBCA) and Onyx ( Figure 5 (1), 5(2) and 5 (3)). Between the first and second intervention, the brainstem CM which had not been obvious in MRs at five days and four months became apparent and continuously grew (Figure 3(e) ). There has not been any evidence of developmental venous anomaly associated with the CMs. After these three interventions, the shunt flow had significantly decreased (Figure 3(d) ) and the intracranial venous congestion had significantly improved at 11 months. At 18 months, the flow void signals in the basal ganglia were aggravated on MR images (Figure 3 (i)), and we decided to perform additional interventions. Conventional digital subtraction angiography (DSA) before further interventions revealed a significant increase in the flow in the AV shunts from the right posterior meningeal artery, right occipital artery, and right MMA (Figure 3(g) ). It also revealed severe venous congestion in the posterior fossa, particularly on the right side ( Figure 6 ). Within the following six months, we performed an additional three sessions of transarterial and transvenous embolisation using Onyx and platinum coil via the right occipital artery, posterior meningeal artery, right and left meningeal arteries, and dilated transverse sinuses ( Figure 5(4) , 5(5) and 5 (6)). These three sessions of embolisation nearly obliterated the AV shunts, and venous congestion in the posterior fossa was significantly resolved (Figure 3 (j) and Figure 6 ). At 30 months, six months after the last intervention, the size of the brainstem CM was stable and the flow void signals in the basal ganglia had decreased (Figure 3 (m) and 3(n)). There was no evidence of brain parenchymal infarction or haemorrhage other than CM. We will continue to follow the patient carefully by assessing his imaging results and neurological condition periodically.
Discussion
In this report, we described a case of DSM with an atypical clinical course. This case was unique due to the prenatal regression and postnatal delayed aggravation of AV shunts as well as the postnatal de novo development of a brainstem CM. To our knowledge, such a clinical course in a case of DSM with brainstem CM has not been reported previously.
Clinical course and the timing of treatment
Prenatal regression, as seen in the present case, is not a rare phenomenon in DSM. Merzoug et al. 5 reported five cases of DSMs that regressed in the foetal stage. Spampinato et al. 6 reported another case of regression of DSM in the foetal stage. The prognosis of these regressed DSMs was good. 5, 6 These cases suggest that many more undiagnosed prenatal DSMs that regress and disappear spontaneously may exist than are clinically observed. However, postnatal delayed aggravation as seen in this report is rare, and to our knowledge, only two such cases have been reported. 7, 8 The pre-and postnatal morphological changes seen in the present case suggest that DSM that does not initially require interventions may sometimes progress postnatally.
It is important to identify the dangerous prognostic signs for an asymptomatic DSM, such as cortical venous reflux or deep vein reflux, in order to determine the correct timing to perform interventions before the development of symptoms. In the current case, 4D-CTA was useful in detecting the dangerous reflux and AV shunts directly and guiding the optimal timing of initial intervention at the asymptomatic stage. It is less invasive than conventional DSA, 9 and it enabled us to perform periodic evaluation of the AV shunts. The drawback of 4D-CTA was the artefact signals after embolisation with platinum coils or liquid embolic material. Actually, after the third intervention, we did not evaluate shunt flow with 4D-CTA anymore. We decided the timing of the fourth intervention based on the flow void signals of T2-weighted images.
Association with CM
CM in infants is relatively rare and its prevalence has been reported to be approximately 0.2%. 10 Additionally, CM in the brainstem is extremely rare and only a few reports have described brainstem CMs in infants. [11] [12] [13] Barbosa et al. reported one infant case of DSM with multiple supratentorial CMs 8 amongst 30 cases of DSMs. 14 However, DSM with brainstem CM has not been reported. Interestingly, the patient in the present case had multiple telangiectasias on his face and abdomen, LM on his face and forehead, and a CM in the paraventricular region and the brainstem; all these lesions were located on the right side. Particularly, LM, CM, and DSM were on the three consecutive metamere levels (medial prosencephalic, lateral prosencephalic and rhombencephalic group) according to Lasjaunias et al. 4 They suggested the name cerebrofacial venous metameric syndrome (CVMS) for conditions with venolymphatic malformations simultaneously involving the brain and face. Agid and Terbrugge reported an interesting case of CVMS, 15 in which CMs located in the left pons and in the left temporal lobe, as well as abnormal dilation of the superior sagittal sinus, were observed. Although Lasjaunias et al. did not definitely include DSM in the manifestation of CVMS, we assumed that the DSM, abnormal dilation of the posterior dural sinus, CM, and LM in the current case were a part of CVMS.
An interesting feature of the CM in this case was that its growth seemed to be correlated with the venous hypertension. The CM developed bimodally at 4M-11M and 18M-21M. Around the same time, the shunt flow of the DSM also showed bimodal aggravation. In the current case, the presence of DSM severely restricted the venous outlet via posterior sinus and infratentorial venous flow, particularly on the right side, the same side as the brainstem CM ( Figure 6 ).
Although CMs do not have cellular growth or undergo mitosis, they sometimes increase in size due to the ectasia of the vascular channels, recurrent haemorrhages, and/or development of a cyst by osmotic-driven fluid. 13 In the current case, the presence of venous congestion increased the local venous pressure and might have caused the dilation of venous channels within the CM and/or the recurrent haemorrhages. Figure 5 . Post-therapeutic non-subtraction anteroposterior images in each session. The shunts and the affected sinuses were embolised in stages. The shunts were initially embolised with liquid material from arterial sides (1) (2) (3) . From the fourth session, embolisation from the venous side using platinum coils was also used. 
